The deep-sea is a large source of marine genetic resources (MGR), which have many potential uses and are a growing area of research. Much of the deep-sea lies in areas beyond national jurisdiction (ABNJ), including 65% of the global ocean. MGR in ABNJ occupy a significant gap in the international legal framework. Access and benefit sharing of MGR is a key issue in the development of a new international legally-binding instrument under the United Nations Convention on the Law of the Sea (UNCLOS) for the conservation and sustainable use of marine biological diversity in ABNJ. This paper examines how this is relevant to deep-sea scientific research and identifies emerging challenges and opportunities. There is no internationally agreed definition of MGR, however, deep-sea genetic resources could incorporate any biological material including genes, proteins and natural products. Deep-sea scientific research is the key actor accessing MGR in ABNJ and sharing benefits such as data, samples and knowledge. UNCLOS provides the international legal framework for marine scientific research, international science cooperation, capacity building and marine technology transfer. Enhanced implementation could support access and benefit sharing of MGR in ABNJ. Deep-sea scientific researchers could play an important role in informing practical new governance solutions for access and benefit sharing of MGR that promote scientific research in ABNJ and support deep-sea stewardship. Advancing knowledge of deep-sea biodiversity in ABNJ, enhancing open-access to data and samples, standardisation and international marine science cooperation are significant potential opportunity areas. There is no internationally agreed definition of MGR, however, deep-sea genetic resources could incorporate any biological material including genes, proteins and natural products.
deep-sea biodiversity in ABNJ, enhancing open-access to data and samples, standardisation and international marine science cooperation are significant potential opportunity areas. 1 KEYWORDS: Law of the sea; international law; marine resources; ocean policy; marine genetic resources; areas beyond national jurisdiction; high seas; access and benefit sharing.
INTRODUCTION
The rich biological diversity of the deep-sea is a source of vast genetic and biochemical diversity with a range of potential applications, from advancing scientific knowledge to developing new commercial products (Martins et al., 2014, Skropeta and Wei, 2014) . These so-called "marine genetic resources" 2 (MGR) are one of the ecosystem services provided by the deep-sea (Armstrong et al., 2012 . Genetic resources play a growing role in various economic sectors (EU, 2014 , Rogers et al., 2015 , including: pharmaceuticals, agriculture, biotechnology, bioremediation, cosmetics, food, nutraceuticals, industrial processes and scientific research (Martins et al., 2014 , Oldham et al., 2014 , Leary et al., 2009 ). However, there are significant gaps in the international legal framework for MGR in marine areas beyond national jurisdiction (ABNJ), which encompass 65% of the ocean surface and 95% of the ocean volume (FAO, 2014) . The governance questions relating to MGR in ABNJ raise many issues pertinent to deep-sea scientific research and are drawing attention at the international scale.
The development of a new international legally-binding instrument (ILBI) under the 1982
United Nations Convention on the Law of the Sea (UNCLOS) for the conservation and sustainable use of marine biological diversity in ABNJ (UN, 2015) 3 is underway. This comes 1 Abbreviations: Areas beyond national jurisdiction (ABNJ); Marine genetic resources (MGR); United Nations Convention on the Law of the Sea (UNCLOS). 2 See section 2.1 for definition. 3 The United Nations General Assembly (UNGA) adopted Resolution 69/292, "Development of an international legally-binding instrument under the United Nations Convention on the Law of the Sea on the conservation and sustainable use of marine biological diversity of areas beyond national jurisdiction", on 19 June 2015. A Preparatory Committee will meet four times between 2016 and 2017 and report to the United Nations General Assembly on its progress by the end of 2017. States will decide by September 2018 whether to convene an intergovernmental conference to begin negotiations on a new agreement under UNCLOS.
after almost a decade of deliberations by an informal working group. 4 A new ILBI could address gaps and fragmentation in the existing international legal framework Gjerde, 2014, Warner, 2014) . This is a critical step for deep-sea stewardship 5 that could facilitate international cooperation for sustainable management (Rochette et al., 2015 , Warner, 2014 and promote new action needed to address the numerous and growing threats to deep-sea biodiversity (Benn et al., 2010 , Halpern et al., 2008 , Van Dover, 2014 in ABNJ. MGR are a complex and highly contentious issue for the negotiations for a new ILBI, which will also consider: area-based management tools, including marine protected areas; environmental impact assessments; and capacity building and the transfer of marine technology. The key governance challenges for MGR in ABNJ can be summarised in three points:


Lack of definition of MGR & unclear legal status in ABNJ.
There is no internationally agreed definition of MGR -the term is not mentioned or defined by UNCLOS (Section 2.1, Table 1 ). The applicability of the principle of freedom of the high seas 6 and/or common heritage of mankind 7 to MGR in ABNJ is a polarising issue between developed and developing States (Broggiato et al., 2014 , Houghton, 2014 , Wright et al., 2016 .
 Lack of definition of marine scientific research. The legal status of activities involving access to MGR in ABNJ is unclear. Marine scientific research, the primary activity accessing MGR in ABNJ (EU, 2014 , Oldham et al., 2014 , is not defined by UNCLOS. There are longstanding issues relating to the distinction between commercial (i.e. industrial or applied) and non-commercial (i.e. pure or basic) marine scientific research (UN, 2010). As new technologies drive 4 The Ad Hoc Open-ended Informal Working Group to study issues relating to the conservation and sustainable use of marine biological diversity beyond areas of national jurisdiction met nine times between 2006 and 2015. 5 Mengerink et al., (2014) The development of a new access and benefit sharing regime is a favoured option to achieve compromise and develop a governance solution for MGR in ABNJ, as part of a new ILBI. Deep-sea scientific research is a critically important actor in the development of a new access and benefit regime for MGR in ABNJ. For example, deep-sea scientific research is currently the primary activity accessing MGR in ABNJ , Oldham et al., 2014 and accurate taxonomic and geographic data is important for natural products research (Leal et al., 2016) . Furthermore, much of the deep-sea lies in ABNJ. ABNJ includes many priority areas for the investigation of deep-sea chemosynthetic ecosystems -including areas of the East Pacific Rise, the mid-Atlantic Ridge, South-west Indian Ridge and South-east Indian
Ridge (German et al., 2011) Vierros et al., 2015) . On this basis, deep-sea genetic resources include primary metabolites, such as nucleosides and amino acids (i.e. genes, proteins and enzymes), and secondary metabolites or 'derivatives' (Table 1) which are biochemical compounds resulting from the genetic expression or metabolism of biological or genetic resources (i.e. biologically active molecules such as marine natural products). Disconnects between legal and scientific terminology will need to be identified and bridged to ensure that all scientific stakeholders are aware of the implications of a new ILBI for their research.
Deep-sea natural products account for a small but growing fraction of the total number of novel natural products described. Of the more than 1 million novel natural products described overall (Martins et al., 2014) , more than 30,000 derive from marine origin and 600 derive from depths exceeding 50m (Skropeta and Wei, 2014) . The majority of deep-sea natural products described originate in areas within national jurisdiction, with almost one quarter emanating from Australian waters (Skropeta and Wei, 2014 ). Few of the described deep-sea natural products originate from ABNJ. This could be an illustration of the high cost of undertaking deep-sea biological research in ABNJ (Broggiato et al., 2014 , Juniper, 2013 and the high technological and other requirements for deep-sea natural product research (Skropeta, 2011) . The number of novel deep-sea natural products described is increasing ( Fig. 1) . Furthermore, 75% of the novel deep-sea natural products described between 2009 and 2013 were found to be biologically active with almost half showing anti-cancer potential (Skropeta and Wei, 2014) . The deep-sea is recognised as a significant source of genetic resources. Marine invertebrates, in particular Porifera (Martins et al., 2014 , Skropeta, 2008 , and microorganisms (Abida et al., 2013 , Pettit, 2011 , Shimmield, 2013 , Sogin et al., 2006 are the largest sources of novel marine natural products described. Viruses are an attractive source of new protein discoveries (Arrieta et al., 2010 , Yooseph et al., 2007 . Research relating to deep-sea genetic resources has been largely focused on invertebrates from benthic habitats and extremophiles from hydrothermal vents, which have yielded novel natural products and enzymes with a range of possible uses (Pettit, 2011) . For example, enzymes from heat tolerant hyperthermophiles have been used in the production of DNA polymerase (Atomi, 2005) . Deep-sea genetic resources research is still at a relatively early stage in comparison to other genetic resources research, but is recognised as a potential growth area (EU, 2014 , Martins et al., 2014 , Rogers et al., 2015 , Skropeta and Wei, 2014 . Areas for further deep-sea genetic resources research that have been identified, include organisms adapted to high pressure, oxygen minimum zones, chemosynthetic environments and pelagic environments (Robison, 2009 , Rogers et al., 2015 .
2.2.Benefits
Benefits from genetic resources could be either monetary or non-monetary (Nagoya Protocol, 2010) . Monetary benefits, for example, are financial or commercial outcomes such as:
payments (up-front, milestone or royalties); fees (access, license or special); research funding; joint intellectual property rights ownership and patents (Leary et al., 2009 , Vierros et al., 2016 . Non-monetary benefits are non-financial or non-economic outcomes such as: 1)
Access to samples, data and knowledge, including the publication and sharing of scientific knowledge; 2) Collaboration and international cooperation in scientific research; 3) Capacity building and technology transfer including scientific training and access to resources, research infrastructure and technology; and 4) Other socio-economic benefits (e.g. research directed to priority needs such as health and food security). The potential benefits from MGR in ABNJ can be considered in these categories. Benefit sharing can be broadly defined as the action of giving a portion of advantages and profits to others (Schroeder, 2007) .
Despite the potential for deep-sea genetic resources to be used for various commercial applications there are very few examples of commercial products derived from ABNJ, including one cosmetic product and one enzyme used in the biofuels sector (Leary et al., 2009 , Oldham et al., 2014 . This could reflect the relatively recent emergence of deep-sea natural product research, the long time-frame of biodiscovery or the many commercial, financial and other barriers to the biodiscovery process (Martins et al., 2014) . Considerable uncertainty remains as to the likelihood of deriving monetary benefits from MGR in ABNJ (Leary and Juniper, 2013) , which can only be derived at the end of a long, complex and costly biodiscovery research and development process, where commercial success is not guaranteed (Fig. 2) . The high estimates 11 for the value of MGR, are based on potential economic value (Oldham et al., 2014) and do not sufficiently account for the externalities and potential barriers in the biodiscovery process. Biodiscovery rarely results in the production of patents and profitable products and most benefits from MGR in ABNJ will be non-monetary (Lallier et al., 2014 , Oldham et al., 2014 .
Non-monetary benefits from MGR in ABNJ are essentially guaranteed because they can be derived from each phase throughout a biodiscovery process -from initial collection of the MGR to the commercialisation of a product (Fig. 2) . This is because research and development inherently generates knowledge and opportunities to share data and samples, cooperate internationally and derive and share other non-monetary benefits. Scientific research is the key enabler of biodiscovery and crucial for the derivation of benefits from MGR. The collection of genetic resources in the wild (in situ) -a pre-requisite for the marine biodiscovery process (Lallier et al., 2014) -is mostly undertaken for non-commercial purposes by academic, university and non-commercial researchers (EU, 2014).
Deep-sea research plays an important role in generating and sharing benefits from MGR in ABNJ. In ABNJ, deep-sea scientific research is the main actor accessing and collecting MGR in situ (Oldham et al., 2014) and generating non-monetary benefits by publishing and sharing knowledge and data, enabling access to deep-sea samples of MGR through collections, and 11 Estimates for the value of MGR are high and varied, for example, the value of undiscovered anti-cancer drugs from marine origin was estimated to be US$563 billion -5.69 trillion in 2010 (Erwin et al, 2010) .
promoting international scientific cooperation. Deep-sea research is a key stakeholder in the development of a new ILBI (section 4) and the existing legal frameworks for ABNJ, marine scientific research and marine genetic resources (section 3) are all relevant to deep-sea science. 
INTERNATIONAL LEGAL FRAMEWORK FOR MARINE SCIENTIFIC RESEARCH AND GENETIC RESOURCES
The UNCLOS framework for ABNJ
Much of the deep-sea lies in ABNJ. ABNJ comprise two distinct maritime zones established by UNCLOS: the high seas and the Area ( (Table 1) are governed under the principle of 'common heritage of mankind' (UNCLOS article 136, UN, 1970) , and administered by the International Seabed Authority. A new ILBI will need to be harmonised across the regimes for both the high seas and the Area (i.e. vertical scope) and areas within and beyond national jurisdiction (i.e.
horizontal scope) (Greiber, 2013) and not undermine existing instruments (UN, 2015) . The UNCLOS regime for marine scientific research and technology transfer provides a basis for accessing MGR in ABNJ.
Marine science and technology under UNCLOS
UNCLOS provides the international framework for marine scientific research (Part XIII) and marine technology development and transfer (Part XIV), establishing responsibilities and rights for researching States, international organisations and coastal States (Fig. 3 ). There are some fundamental differences in the legal regime for ABNJ and for areas within national jurisdiction. This distinction is almost uniquely relevant for deep-sea scientific research, which is conducted in areas both within and beyond national jurisdiction.
In This freedom is not absolute and must be balanced with responsibilities, including the obligation to protect and preserve the marine environment and to conduct marine scientific research with appropriate scientific methods and means (UNCLOS article 240). Marine scientific research in the Area is subject to additional obligations, including that it shall be conducted for the benefit of mankind as a whole (UNCLOS article 143). For example, enhanced knowledge of marine biodiversity, including its role in providing ecosystem services and maintaining ocean health, is one of the potential benefits to all humankind from deep-sea research involving MGR in ABNJ (Juniper, 2013) .
The question of whether the freedom of the high seas should be balanced with an augmented legal obligation to make data and samples arising from research involving MGR in ABNJ freely available is likely to be a complicated discussion covering a wide range of factors and stakeholders. Considering the practical implications of these legal questions will require input from the deep-sea scientific community.
UNCLOS Parts XIII and XIV provide a foundation for the development of an access and benefit sharing regime for MGR in ABNJ that promotes international science cooperation (UNCLOS articles 242 and 243), scientific and technical capacity building, and technology transfer. UNCLOS establishes a duty to promote and facilitate marine scientific research (UNCLOS article 239) and requires that information and knowledge resulting from marine scientific research are published and shared internationally (UNCLOS article 244). These provisions are relevant for sharing non-monetary benefits that could be derived from MGR in ABNJ, however, there is scope to enhance implementation (Broggiato et al., 2014 , Greiber, 2013 ) and deep-sea science will be an important element in ABNJ.
The existing UNCLOS framework could also challenge an access and benefit sharing regime because UNCLOS stipulates that marine scientific research must not constitute the legal basis for any claim to the marine environment or its resources (UNCLOS article 241). This could pose an issue should intellectual property rights or monetary benefits arise from MGR, given that research and development involving MGR usually begins with non-commercial scientific research (Warner, 2008) . This adds further urgency to the need for the experiences of scientific research and the realities of the process of biodiscovery to be considered in the development of a new ILBI.
Access and benefit sharing in areas within national jurisdiction: the Nagoya Protocol
In areas within national jurisdiction the CBD and Nagoya Protocol apply to MGR in addition to UNCLOS (Fig. 3) . The Nagoya Protocol establishes a legally binding international framework for accessing, using and sharing genetic resources from terrestrial and marine areas within national jurisdiction. As Parties to the Nagoya Protocol, which entered into force in 2014, mount efforts for its implementation it is almost certain that there will be impacts on the conduct of non-commercial and commercial scientific research EvansIllidge, 2014, Lallier et al., 2014) . The European Union (EU) is one of the first to adopt legislation on compliance measures for users in line with the Nagoya Protocol (EU, 2014).
The EU regulation increases legal certainty for researchers involved in accessing and using genetic resources and addresses provider concerns relating to unauthorised uses of genetic resources (Burton and Illidge-Evans, 2014 
Multilateral approach needed in ABNJ
An access and benefit sharing regime for MGR in ABNJ would require a multilateral approach, whereby benefits should arguably be shared with all humankind. In contrast, the Nagoya Protocol is premised on a bilateral arrangement between a provider State and a user.
In areas within national jurisdiction, access and benefit sharing refers to an "exchange between those who grant access to a particular resource and those who provide compensation for its use" (Schroeder, 2007) . A benefit-sharing arrangement for MGR in ABNJ would therefore be inherently different to the Nagoya Protocol regime. For example, in the absence of a provider State in ABNJ to grant access and share in benefits it is not clear how or by whom prior informed consent and mutually agreed terms would be agreed. One option could be for an international organisation to act as the 'provider'. However, questions remain as to whether access regulations for MGR in ABNJ are needed (section 4) and a discussion on possible institutional arrangements for such a regime is not within the scope of this paper.
Liberal regime for science in ABNJ
The Nagoya Protocol regime is stringent by necessity as it protects the sovereign rights 14 of
States over genetic resources. ABNJ is not subject to sovereign rights and hence a regime for access and benefit sharing of MGR in ABNJ would arguably be more liberal than the Nagoya 14 Coastal States have sovereign rights for the purpose of exploring and exploiting, conserving and managing the natural resources, whether living or non-living, of the water column (UNCLOS article 56 (1)) and continental shelf (UNCLOS article 77). No State can claim sovereign rights over any part of the international sea-bed Area or its resources (UNCLOS article 137).
Protocol regime (Jaspars, 2015 (Jaspars, 2015) . Deep-sea scientific research will be an important actor in the multidisciplinary approach required to enable a new ILBI to develop governance solutions that support research and innovation.
DISCUSSION: EMERGING ISSUES FOR DEEP-SEA SCIENTIFIC
RESEARCH
Enabling scientific research in ABNJ (and avoiding creating obstacles to science) will be an important priority for the development of a new ILBI. 15 The importance of facilitating noncommercial scientific research in accessing genetic resources and supporting biodiversity conservation is explicitly recognised in the Nagoya Protocol and EU regulation (Nagoya Protocol, 2010 , EU, 2014 . Scientific research plays a critical role in accessing and sharing benefits from MGR and supporting deep-sea stewardship. Therefore a new regime for access and benefit sharing of MGR in ABNJ should arguably aim to enable non-monetary benefits to be derived and shared through the facilitation of scientific research. The deep-sea biology community is uniquely well-placed to provide advice on how the development of an access and benefit-sharing regime for MGR in ABNJ could maximise opportunities to facilitate research and deliver benefits to all humankind. and incentivising and funding deep-sea research especially in understudied and new locations (DOSI, 2016 , Oldham et al., 2014 . However, there are also some concerns within the deepsea science community that a new access and benefit sharing regime for MGR in ABNJ could create administrative, financial and other burdens that could hinder research. InterRidge, 2006) . However, such a code would need to be carefully prepared in consultation with (or preferably by) scientists, to strike a balance between freedom and oversight of sampling, and include a reporting mechanism to assess its effectiveness.
Limited 'light' access measures that build on existing practices within the scientific community, emphasising open access to data and sharing of knowledge, would be most likely to facilitate scientific research (DOSI, 2016 , Jaspars, 2015 . Whilst some States at PrepCom 1 expressed support for a pragmatic 'light' approach in the interests of supporting research and innovation, others were more sceptical and cautioned against preventing equitable benefit sharing (International Institute for Sustainable Development, 2016). The development of a new ILBI will need to balance these differing priorities.
Sharing non-monetary benefits from MGR in ABNJ
The importance of open access to scientific knowledge, data and biological samples to ensure that benefits arising from marine scientific research involving MGR in ABNJ can be realised for all humankind is gaining growing international attention (DOSI, 2016 , Jaspars, 2015 , Vierros et al., 2016 , International Institute for Sustainable Development, 2016 . Existing best-practice approaches in the scientific community for sharing data, information and samples and cooperating internationally provide a strong model e.g.:
 Data systems:
Existing open data sharing platforms data provide important models, examples include the Ocean Biogeographic Information System (OBIS) for biodiversity and environmental data and Genbank for DNA and protein sequencing.
The proposed OBIS global deep-sea biodiversity data-sharing platform (Appeltans and Webb, 2014 , Mengerink et al., 2014 , O'Hara et al., 2015 could be a useful tool for sharing biodiversity data relevant to MGR in ABNJ.
 International cooperation mechanisms: International cooperation enables facilitated access to research infrastructure and shared high costs of accessing and researching deep-sea in ABNJ (DOSI, 2016 Protocol, 2010 , EU, 2014 .
 Standardisation: A lack of interoperability between standards and a fragmented system for discovery and retrieval of MGR data spanning different biological, molecular, chemical and oceanographic disciplines pose barriers for MGR research (ten Hoopen et al., 2015) . Standardisation is recognised as important to avoid data 'silos' and enable biological data to be synthesised and used to inform decision making in ABNJ (Glover et al., 2016a) . Standardised reporting requirements could support open-access to MGR data and samples by ensuring that information is made rapidly available through international databases.
Whilst existing measures could inform an access and benefit sharing regime for ABNJ, there is scope for improvements in making data and samples available and standardising approaches to allow synthesis of data. Rapid open access to taxonomic data supports baseline biodiversity knowledge in ABNJ (Glover et al., 2016b) . Glover et al. (2016a) describe a methodological "end-to-end pipeline", starting with samples for use in combined DNA and morphology study, enabling rapid publication of data linked to internationally established online databases and accessible archived samples. Linking data across disciplines is also important. Ten Hoopen et al. (2015) describe the development of a reporting standard to support data collection and dissemination for marine microbial sampling that collaboratively builds on scientific best-practice in oceanographic, biodiversity and molecular disciplines.
These examples could provide useful models for considering new approaches to share nonmonetary benefits from MGR in ABNJ (i.e. data, samples and knowledge).
In addition to shaping solutions to access MGR in ABNJ and generate new data, deep-sea scientists could also highlight opportunities to maximise access to and use of existing data and samples that have already been collected and await analysis. Before developing new access and benefit sharing measures, such as a common pool for MGR in ABNJ, it will important to understand the existing mechanisms used for data and sample access and exchange. Deep-sea scientific researchers are uniquely well placed to inform discussions on sharing biological samples from deep-sea ABNJ.
Funding & implementation?
Implementing access and benefit sharing measures for MGR in ABNJ will require resources.
The costs of collecting, curating and sharing samples and data are high. Accessing deep-sea research infrastructure and funding the development, use and maintenance of research vessels and equipment are already potential obstacles for deep-sea research (DOSI, 2016) , especially in developing countries with limited deep-sea research resources (Juniper, 2013 (Glover et al., 2016a) and implementing access and benefit sharing provisions of the Nagoya Protocol will be instructive. 
Engagement
Input from the scientific community at an early stage could ensure that a new ILBI enables and does not hinder marine scientific research. The need for engagement with the marine scientific community in order to address governance challenges of MGR in ABNJ is increasingly recognised (Broggiato et al., 2014 , Glowka, 2010 , Glowka, 1996 , Leary and Juniper, 2013 , Oldham et al., 2014 , Vierros et al., 2016 
CONCLUSION
Deep-sea genetic resources offer a range of potential commercial and non-commercial applications and are a growing area of research. Gaps in the international legal framework and imbalances in capacity between developed and developing States prompted MGR to be a key element for the development of a new ILBI. This raises opportunities and challenges for deep-sea scientific research, which is often the first step in accessing MGR in ABNJ and deriving and sharing benefits from their use.
Non-monetary benefits (e.g. knowledge, data, samples) are a precursor to monetary benefits and more immediate and likely outcomes from MGR in ABNJ. The facilitation of scientific research and technological innovation should thus be a priority for a new ILBI. The Nagoya
Protocol is of limited use in developing options for ABNJ, however, it does set a precedent that highlights the importance of the scientific community in access and benefit sharing. A new ILBI could enhance the implementation of existing provisions under UNCLOS relating to marine scientific research, international cooperation, capacity building, and technology transfer to support access and benefit sharing of MGR in ABNJ.
The development of a new ILBI represents an ambitious effort by the international community to improve deep-sea stewardship. The expertise of deep-sea scientific researchers can play a critical role in developing practical solutions for facilitating access and benefit sharing of MGR in ABNJ as part of an ILBI. This paper hopes to stimulate discussion in the international deep-sea scientific community about how the development of a new ILBI is relevant to deep-sea science and how, in turn, deep-sea science could inform its development. Biotechnology "(… any technological application that uses biological systems, living organisms, or derivatives thereof, to make or modify products or processes for specific use…)"
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